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Abstract

Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an

autosomal recessive mitochondrial disorder characterized by cumulative

and progressive gastrointestinal and neurological findings. This retrospec-

tive observational study, aimed to explore the time of presentation, diagnosis

and clinical follow-up of 13 patients with a confirmed MNGIE disease of

Mediterranean origin. The mean age of symptom onset was 7 years

(6 months�21 years) and the average diagnosis age was 15.4 years ±8.4.

Four of 13 patients (30%) died before 30 years at the mean age of 19.7 years

±6.8. Cachexia and gastrointestinal symptoms were observed in all patients

(100%). The mean body mass index standard deviation score at diagnosis

was 4.8 ± 2.8. At least three subocclusive episodes were presented in

patients who died in last year of their life. The main neurological symptom

found in most patients was peripheral neuropathy (92%). Ten patients (77%)

had leukoencephalopathy and the remaining three patients without were

under 10 years of age. The new homozygous “Mediterranean” TYMP muta-

tion, p.P131L (c.392 C > T) was associated with an early presentation and

poor prognosis in nine patients (69%) from five separates families. Based on

the observations from this Mediterranean MNGIE cohort, we propose that

the unexplained abdominal pain combined with cachexia is an indicator of

MNGIE. High-platelet counts and nerve conduction studies may be support-

ive laboratory findings and the frequent subocclusive episodes could be a

negative prognostic factor for mortality. Finally, the homozygous p.P131L

(c.392 C > T) mutation could be associated with rapid progressive disease

with poor prognosis.
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1 | INTRODUCTION

Mitochondrial neurogastrointestinal encephalomyopa-
thy (MNGIE, MIM: 603041) is a ultra-rare, progressive
autosomal recessive metabolic disorder caused by muta-
tions in the nuclear gene TYMP (OMIM: 131222), which
codes the enzyme thymidine phosphorylase (TP, EC:
2.4.2.4).1 Impairment of this enzyme results as reduced
enzyme activity leading to accumulation of thymidine
(dThd) and deoxyuridine (dUrd) levels in tissues and
body fluids, and subsequently deoxyribonucleotide pool
imbalance and mitochondrial-DNA instability, includ-
ing mitochondrial genome deletion and depletion and
point mutations.2

The onset of disease is generally in the first and sec-
ond decade of life, although the earliest reported age of
onset is 5 months of age,3 and as late as the fifth
decade.4 The natural history of the disease is still
uncharacterized, however gastrointestinal symptoms,
peripheral neuropathy, leukoencephalopathy, progres-
sive external ophthalmoplegia, ptosis, sensorineural
hearing loss, myopathy, and endocrine dysfunctions
are reported as the main clinical domains. The disease
is progressive and leads to death at an average age of
37.5 years.3,5

The estimated prevalence of MNGIE is evaluated to
be 0.1 /100000 (European data),6 with approximately
200 patients reported world-wide.1 Low-disease preva-
lence and multiple organ system involvement creates a
complex clinical picture, causing diagnosis delays
reported to be between 5 and 10 years.7

Unfortunately, there are currently only several
experimental therapeutic approaches for the manage-
ment of the disease. Temporary correction of the
plasma dThd and dUrd concentrations can be achieved
by conventional hemodialysis8,9 and erythrocyte
encapsulated thymidine phosphorylase infusions.10

Hematopoetic stem cell transplantation (HCST)11 and
orthotopic liver transplantation12,13 can halt disease
progression through permanent restoration of the TP
enzyme function, but morbidity for both1 and mortality
for HCST14 were reported.

Here, we report the time of presentation and diag-
nosis, emphasize the family screening, and expand
the natural history and outcomes from the clinical
follow-up patients with the MNGIE of Mediterranean
origin.

2 | METHOD

2.1 | Subjects

This is a retrospective observational study designed in
accordance with the current revision of the Helsinki Decla-
ration and includes patients with MNGIE who were fol-
lowed at the Ege University Faculty of Medicine,
Department of Pediatrics, Division of Pediatric Metabolism
and Nutrition for the past 10 years (June 2012–March
2022). The study was approved by local ethical committee
(E-99166796-0500604-577 754/22–2.1 T/37) and informed
concert was obtained from each participant.

The inclusion criteria were a clinical diagnosis of
MNGIE confirmed by TYMP gene sequencing of patients
living in the Mediterranean area of Turkey. No further
testing was conducted on patients with homozygous or
compound heterozygous allelic pathogenic variants, how-
ever if one variant of uncertain significance or a wild-type
sequence was identified, the dThd and dUrd levels were
measured. Sequence variants were analyzed by VarSome
and classified according to the American College of Medi-
cal Genetics and Genomics guidelines.

The demographic, clinical, biochemical and neuroim-
aging findings of MNGIE patients are reported. Evalua-
tion of peripheral neuropathy was performed by
quantitative vibration, thermal discrimination thresholds,
and nerve conduction studies. Age and gender-specific
normal ranges were applied when interpreting results.

2.2 | Statistical analysis

Data analysis was performed with the statistical package
SPSS Inc., version 21.0, (Chicago, IL, USA). Continuous

SYNOPSIS

This is the first study to report about the clinical
course and prognosis mitochondrial neurogastroin-
testinal encephalomyopathy patients with early onset
Mediterranean homozygous p.P131L mutation. We
share here our experience-based recommendations
on disease diagnosis, clinical findings, prognosis, and
themain predictors of disease progression.
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variables are displayed as arithmetical means plus or
minus SD; categorical variables are displayed as fre-
quencies or percentages. The Mann–Whitney/ Wil-
coxon 2-sample test (Kruskal-Wallis test for two
groups) was used when the analysis of variance test was
not appropriate. A p level ≤0.05 determined statistical
significance.

3 | RESULTS

3.1 | Demographic data

(Table 1) thirteen patients (seven males, six females) were
included in this study. The current median/mean age of our
patients was 16.1 years (range 2–34)/17.7 ± 8.9 years. All
patients, except one, had consanguineous parentage. Five
patients were from the same family (Figure 1). The median/
mean age of the diagnosis was 15.2 years (range 1.2–
31.3)/15.4 ± 8.4 years. Four of our 13 patients (30%) died
before 30 years at a mean age of 19.7 ± 6.8 years. The mean
age of onset of the symptoms was 7 years (range 6 months
�21 years).

3.2 | Clinical data

(Table 2) cachexia was observed in all patients (100%).
The mean body mass index standard deviation score
(BMI-SDS) at diagnosis was 4.8 ± 2.8 at a mean age of
15.2 years. For patients diagnosed before 10 years of age,
e BMI-SDS was �1.4 ± 0.5, with this decreasing to �5.9
± 2.6 and � 5.8 ± 2.2 respectively, for patients diagnosed
between 10 and 20 years and after 20 years.

Gastrointestinal symptoms were reported in all patients
(100%). The specific abdominal pain, diarrhea, vomiting,
and intestinal pseudoobstruction were observed in 11 (85%),
12 (92%), 11 (85%) and 4 (30%) patients, respectively. The
subocclusive episodes were reported in four patients who
died before following up. Patients P1, P4, P5, and P10 expe-
rienced at least three episodes of pseudoobstruction in the
last year of their life. Hepatomegaly was found in 5 (38%)
patients and 7 (54%) patients had hepatosteatosis.

Neurological symptoms such as peripheral neuropa-
thy, was observed in almost all our patients 12 (92%). The
only patient who did not have a peripheral neuropathy
was the youngest patient (P 9, current age: 2 years and
4 months). Peripheral neuropathy manifestations
included limb weakness in 5 (38%) and as ptosis in
7 (54%) patients. Peripheral neuropathy was confirmed
by nerve conduction studies performed in all patients.
Hearing loss was found in 4 (30%) patients. Ten patients
(77%) had leukoencephalopathy, detected by cranial mag-
netic resonance imaging (MRI). The remaining three
patients who did not have leukoencephalopathy (P7, P8,
and P9) were under 10 years of age.

Cardiac manifestations were observed in 6 (46%)
patients. Mitral valves prolapse was shown by echocardi-
ography (ECHO) in two patients who had systolic heart
murmurs. Five patients had both mild mitral regurgita-
tion and tricuspid regurgitation and one patient had sub-
aortic fibromuscular ridge.

3.3 | Biochemical and laboratory data

The mean platelet count of the patients was at the upper
range of 351 461 ± 123 541/μl, with five patients (38%)

FIGURE 1 Patient

pedigree, arrow indicates

proband
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having counts greater than 450 000/μl (thrombocytosis)
(Table 3).

Slightly elevated lactate levels were determined in
7 (54%) patients with a mean level of 25.2
± 10.4 mg/dl. Increased triglyceride levels and all other
laboratory features are reported in Table 3. The plasma
concentrations of dThd and dUrd levels were also
reported for six patients. Only P2 had TP activity mea-
surement (TP: 0 nmol thymine/h/[mg protein]).

Nine patients (69%) (five from the same family) carried
the new p.P131L (c.392 C > T) TYMP mutation. The other
four patients were homozygous for p.L347P (c.1040 T > C),
p.G428R (c.1282G > C), p.G72E (c.215G > A) and
c.978_979ins C. The molecular analyses of TYMP are pro-
vided in Table 3. All patients, except one, had consanguine-
ous parentage.

Three patients who were homozygous for the p.P131L
TYMP mutation died at the ages of 12, 16 and 20 years,
and another patient homozygous for p.G428R died at
30.5 years of age.

3.4 | Follow-up

Allogeneic HSCT (AHSCT) was performed in four
patients. Patients 6, 10, 12, and 13 were followed up at
25, 12, 6, and 3 months after AHSCT, respectively.
Patient 10 and 12 died from severe GI complications.
AHSCT follow-up and the nutritional support of MNGIE
patients monitored for the metabolic effects, plus the pos-
sible mechanisms of action on mitochondrial energy
homeostasis will be discussed in separate papers.

3.5 | Pregnancy

Prior to diagnosis, one patient (P4) was delivered by
cesarean of a healthy boy with a birth weight of 3300
grams. The pregnancy was reported to be uneventful.
The patient reported to be clinically improved during
pregnancy, with a weight gain of around 8 kg and
reduced GI symptoms.

4 | DISCUSSION

In our cohort of 13 Mediterranean MNGIE patients with
a predominance of the homozygous p.P131L mutation,
an early onset of the initial symptoms, particularly
cachexia and unexplained abdominal pain were reported.
Additionally, slightly higher platelet and lactate levels,
peripheral neuropathy were detected in almost all
patients and a higher and early mortality was observed.T
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The mean age of onset of the symptoms in our
patients was 7 years (6 months–21 years). This contrasts
with the mean age at onset reported as 17.9 years
(5 months–43 years) in the position statements on the
prognosis of MNGIE.1 Previous papers report disease
onset between the first and second and decade of life,
with an average age of 18.5 years.3,15 The earliest
reported age of onset was 5 months of age.3 One of our
patients had disease onset at 6 months of age. Although,
the first manifestation symptoms and severity can vary
among patients, and even within the same family, we
conclude that our patients have an early presentation
compared to the classical early onset phenotype.

A further important observation was that the mean
age of the diagnosis in our cohort was 15.4 years ±8.4,
which means at least 8 years of delay before diagnosis.
The literature well documents that most patients with
MNGIE are misdiagnosed with malabsorption, Crohn's
disease, inflammatory bowel disease or anorexia nervosa
and diagnosis delays of up to 10 years.8,16–18

According to the latest position paper of MNGIE by
Hirano et al.,1 the mean age at death was reported to range
between 35 and 37 years, with a and survival before
19 years being around 100% and then decreasing to <5%
after 50 years. The disease is progressive and causes death
at an average age of 37.6 years, with a range of 26–
58 years.2 Common causes of death are cachexia, metabolic
acidosis, pneumonia, peritonitis, and complications of bac-
terial overgrowth.2,19,20 However, in our Mediterranean
MNGIE patients cohort, the age of death was much earlier
at 19.7 years ±6.8. Three of the four deceased patients had
the homozygous mutation p.P131L. The duration between
their diagnosis and death ranged between 1 and 4 years.
These data strongly support the aggressive progression of
the Mediterranean MNGIE patients.

The cachexia, particularly with normal and /or
increased nutritional intake, is an important finding of
MNGIE patients.2,19,20 Weight loss was presented in all
our patients at the diagnosis time. We noticed that the
younger the patients are; the less weight loss was
observed. Following diagnosis, aggressive nutritional sup-
port was able to diminish the weight loss in most of our
patients, but still presented after 28 ± 9.2 months of
follow-up. Despite the absence of literature supporting
the prognostic role of weight loss, malnutrition should be
considered as a negative prognostic factor and is an
important cause of mortality for patents with MNGIE.
We observed a dramatic weight loss prior to the death of
the four deceased patients described in our cohort, with
patient 4 providing the best example.

The gastrointestinal dysfunction in MNGIE is well
known and described. Abdominal pain, abdominal disten-
tion, diarrhea, dysphagia and pseudo obstruction are the

main findings.1,7,19 The diarrhea, abdominal pain and
vomiting were the most frequent gastrointestinal manifes-
tations observed in our patients (92%, 92%, and 83%,
respectively) in parallel with the literature. The otherwise
unexplained abdominal pain combined with cachexia
should be an important clinical clue to indicate MNGIE. In
our cohort the subocclusive episodes presented in patients
who died. From a clinical standpoint, intestinal subocclusive
episodes are characterized by intestinal pseudo-obstruction
attacks.21 They are caused by marked dysfunction of gut pro-
pulsive motility, mimicking mechanical obstruction in a
clinical picture. Patients are usually presented with severe
abdominal pain and distension, bloating and vomiting
(at least 20–25 times/day). Generally, these episodes are
accompanied with constipation. However, particularly
before and after; sometimes during the attacks a severe diar-
rhea is a very important part of the clinical status. This is a
highly morbid and often life-threatening condition of
chronic intestinal failure.21 Therefore, we would like to high-
light the presence of subocclusive episodes to be a sign of
the severity of GI involvement and to be considered as a
negative prognostic factor for mortality.

Patients presenting hepatopathies such as hepatic stea-
tosis, hepatomegaly, increased transaminases, and cirrho-
sis, have also been reported.3,22,23 Consistent with these
findings organomegaly was noted in 5 (38%) patients.

Neurological features suggesting peripheral neuropa-
thy are one of the cardinal clues about MNGIE. Twelve
(92%) of our patients had peripheral neuropathy detected
by nerve conduction studies. The high presence of
peripheral neuropathy in our cohort is supported by the
literature.1,3,18,19 Therefore, in patients with cachexia and
abdominal pain, the non-invasive procedure such as
nerve conduction studies should be considered in cases
suggestive of MNGIE disease. On the other hand, the
neurological symptoms such as ptosis and hearing could
also support the possible diagnosis of MNGIE. As with
our findings (30%), the study of Garone et al.3 reported
that 39% of patients presented with hearing loss. Ocular
symptoms including ptosis are also common neurological
findings in patients with this condition.24 Similarly, ptosis
were observed in 7 (58%) patients. Another important
neurological finding is progressive leukoencephalopathy
which is almost universally present in patients with
MNGIE.3 Ten (77%) of our patients had leukoencephalo-
pathy, detected by cranial MRI. Interestingly, the three
patients who did not have leukoencephalopathy (P7–P8–
P9) were under 10 years of age. We speculated that the
progressive nature of neurological findings in MNGIE
may start with peripheral (gastrointestinal/neuroaxonal)
and finalize with central nervous system involvement.

Cardiac manifestations are usually asymptomatic in
MNGIE although there are reports of occasional cardiac

KALKAN UÇAR ET AL. 491



complications, including a prolonged QT interval, cardiac
arrest and supraventricular tachycardia.3,25 Abnormal
ECG has also been reported in some individuals.26 Car-
diac dysfunction in affected twins with mitral valve pro-
lapse and systolic heart murmurs was described in one
study.22 Two of our patients had mitral valve prolapse, as
demonstrated by ECHO.

Increased triglyceride levels and elevated plasma lac-
tate in our cohort are consistent with the literature.26,27 It
is well known that some MNGIE patients display endo-
crine and metabolic dysfunctions, such as endocrine/
exocrine pancreatic insufficiency, diabetes, and glucose
intolerance.3 Elevated plasma lipids were also observed
in our cohort. Impairment of mitochondrial function
may lead to the lipid accumulation and insulin resis-
tance.28 One of our patients had severe hypertriglyceride-
mia (1007 mg/dl), elevated insulin level (76.4 μIU/ml)
and insulin resistance (HOMA-IR: 38.8).

An interesting finding was the slightly elevated level
platelet count detected in our patients and the fact that
38% of patients had counts greater than 450 000/μl. P3
had the highest platelet level as well as the highest dThd
and dUrd levels. This situation could be sporadic but on
the other hand the fact that TP activity is normally very
high in platelets8 we can speculate that it could be a sim-
ple mechanism of compensation and a small laboratory
clue towards diagnosis.

One of the remarkable features of our cohort was the
identification of the new TYMP mutations; p.P131L (c.392
C > T) in nine patients from five separates families and
c.978_979ins C which caused a frame shift, in one patient.
Screening the proband's parents for p.P131L showed hetero-
zygous carriers for the mutation without clinical features.
Family screening identified four individuals with the same
homozygous p.P131L mutation, which we refer to as the
“Mediterranean” mutation. With the exception of mutation
variants (p.V208M)29 that retain >14% of healthy control
activities of thymidine phosphorylase enzyme activity and
was accepted as late-onset form of MNGIE, generally it was
accepted that there was no correlation between genotype
and the MNGIE disease phenotype.1,3Next to this, based on
our experience with nine patients with the “Mediterranean”/
homozygous p.P131L (c.392 C > T) mutation we report that
the clinical presentation in these patients started fairly early,
predominantly with gastrointestinal symptoms and with the
disease being rapidly progressive, as shown by no survival
beyond 20 years of age. On the other hand, despite the
p.P131L variant causing a more severe disease phenotype, an
intriguing observation is that the plasma concentrations of
dThd and dUrd were in the typical disease range for patient
P7 and only mildly elevated in in P6. This particular patient
had low concentrations of metabolites but severe clinical
findings which emphasizes the importance of not relying on

metabolite testing for this particular mutation. We speculate
that the genetic background of this patient population may
influence the observed disease phenotype. Indeed, there is
mounting evidence suggesting that genetic background is as
important as the disease-causing mutation itself due to gene
interactions, epigenetics and stochasticity.30 Further studies,
long term follow-up and observation on diagnosed patients
will be required to elucidate the clinical course and correla-
tion between genotype and phenotype.

Our study had several limitations: because the disease
is ultra-rare the number of number of patients is small
and the study is retrospective observational, rather than
prospective. However, we believe that, since MNGIE is
relatively new disease, and the number of knowledgeable
researchers and clinicians is low, the data shared in our
paper regarding the t clinical findings and possible prog-
nostic factors could assist clinicians involved in the man-
agement of this complex disease.
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